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Abstract

This article mainly discusses the effectiveness of building a risk parity model in China’s financial
market. Starting from Markowitz’s Modern Portfolio Theory, this article explores the mathematical foundation of the Capital Asset Pricing Model (CAPM) and its limitations. By exploring
the role of Sharpe ratio in CAPM and risk parity, this article proves that risk parity strategy is
actually an approximation of optimal Sharpe ratio portfolio. Through an empirical analysis of
the Chinese financial market, this article in the last chapter builds a proposed asset allocation
portfolio based on the classic risk parity model and backtests by historical data to exam its
effectiveness, showing the ability of risk adjustment and returns during the Covid-19 period.
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1
Introduction

The Capital Asset Pricing Model is formed and developed on the basis of Modern Portfolio
Theory and Eﬀicient Capital Market Theory. It mainly studies the relationship between the
systematic risk and expected rate of return of securities, trying to explain how the equilibrium
price is formed. As one of the forecasting models based on the equilibrium of expected returns of
risky assets, CAPM explains the formation of eﬀicient equilibrium price under the condition that
all investors adopt Markowitz’s theory for investment management. The theoretical relationship
between the expected return and systematic risk is expressed by a simple linear model.
The risk factor Beta (β) that expresses the correlation of a security’s or an investment
portfolio’s changes to the movements in the overall market, is a very critical parameter as a
measure of risk. CAPM, as a mathematical model, seeks to explain the relationship between risk
and return in an eﬀicient market with rational expectations. However, our market experience,
common sense and empirical data all show that CAPM fail to reflect the real world situation.
Therefore, how to correctly interpret the actual market risk has become a concern for most fund
managers and financial economists.
Bridgewater’s risk parity model is publicized as one of the major advancements in the asset
management industry in the past 20 years. The idea of traditional portfolio management is to
reduce risks by diversifying positions. However, Bridgewater’s risk parity model believes that
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the core of diversifying risks is to make sure a non-correlational relationship between underlying
assets within the portfolio. Since Bridgewater launched their first risk parity asset management
portfolio - All-Weather Strategy - in 1996, the academics and market researches on risk parity
has gradually deepened. Further, it has been combined with various advanced asset allocation
methods and theories. The most common method has become the factors investment, which shifts
risk parity from the initial diversification of risk scenarios to the diversification of risk factors.
However, in the limited practice of risk parity, not all risk parity portfolios can achieve their
original intention of passing through the economics cycle safely (with smaller max-drawdown).
This shows that there are still a lot of details that need to be considered in the process of
constructing the portfolio.
For the purpose of this project, an introduction of the CAPM and other early asset management theory will be introduced and analyzed.Then this paper will focus on the theory and
practice of the risk parity allocation model. Finally, I will construct a classic risk parity portfolio
for the Chinese financial market and compare to the benchmark index, tracking the performance
of such strategies in different market environments for 20 years, including the outcomes in the
Covid-19 pandemics period, in order to testify the effectiveness of this investment strategy.

2
Investing in CAPM

Capital Asset Pricing Model (CAPM) was proposed in the 1960s by Jack Treynor (1962), William
Sharpe (1964), John Lintner (1965), and Jan Mossin (1966). Building on Markowitz’s Modern
Portfolio Theory (MPT), this model uses a simple mathematical formula to express the relationship between two fundamental properties of a risky asset: rate of return and risk. Although the
assumptions of CAPM are improbable and its conclusions often contradict with empirical evidence, it has always been an important theory in financial economics and has laid the foundation
for more advanced models in the study of asset management.

2.1 Introduction to CAPM
Based on Markowitz’s Modern Portfolio Theory, the financial market assumed by CAPM has
a very simple framework, which not only simplifies the diﬀiculty of analysis, but also expresses
the asset’s rate of return and risk coeﬀicient (β) between assets and market (systemic risks)
with a very concise mathematical formula.
CAPM assumes that all investors in the market evaluate risks and returns only to the analysis
of the expected value and standard deviation of returns. This theory also believes that all
investors are completely rational, so that there is only one expectation in the market. Moreover,
the market should be completely eﬀicient - all investors have equal and full exposure to the
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information with a fact that anyone can borrow or lend without restrictions at the only risk-free
interest rate.
Therefore, CAPM believes that the necessary rate of return required for an investment depends
on the following three factors: the risk-free rate of return, that is, the rate of returns of investing
in zero-risk security such as government bonds; the average rate of return in the market portfolio,
which indicate a comparison between an individual investment choice to the market (any other
investors’) preference. If the risk assumed by an investment is the same as the average degree of
market risk, the rate of return is the same as the average rate of return of the entire market; the
systematic risk coeﬀicient of the portfolio, namely the β coeﬀicient, which is a ratio measuring
the risk level of the investment portfolio to the risk level of the market.
The role of CAPM is mainly considering the ”reasonability” of the prices of different securities.
That is, a correct (ration) expected return of any asset must be equal to the risk-free interest
rate plus a risk-adjusted return relative to the risk of the entire market portfolio:
E[ri ] = E[rf ] + (E[rm ] − E[rf ]) · βi ,

i = 1, ..., N

Where E(ri) is the expected rate of return of an individual asset; E(rf) is the expected rate
of return of the risk free asset (government bond); E(rm) is the expected rate of return of the
market portfolio. We normally use the general stock index such as The Standard and Poor’s 500
to indicate rm . β i is the risk coeﬀicient of ri and rm :

βi =

Cov(ri , rm )
V ar(rm )

In the CAPM formula, rf is the time value of the asset, which is the income generated at the
risk-free interest rate. (E[rm ]-rf )·β i on the right is the return of the asset adjusted by risk, which
is the compensation for the risk taken by the investor. Here, E[rm ]-rf is the return of the market
adjusted by risk, and β i is the sensitivity coeﬀicient of the portfolio i to systemic (market) risk.
It can be understood that the asset i takes β i times of the systemic risk, so it will receive a
corresponding multiple of returns for compensation.

2.2. DEFINING RISK AND INTRODUCING SHARPE RATIO
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2.2 Defining Risk and Introducing Sharpe Ratio
Generally speaking, the definition of risk is the uncertainty of the future. In the financial market,
most investors are concerned about whether the return on assets is certain. Uncertainty of
asset loss includes two aspects: the possibility of loss, and the limit of the loss. Therefore, the
measurement of risk can be described mathematically as a distribution of returns that are lower
than expected - Volatility (Sharpe 1994). Volatility refers to the standard deviation (σ) of a
certain asset. Assuming that the distribution of asset returns satisfies a normal distribution,
the volatility of asset returns measures the average value of losses that assets may incur in
the future. Therefore, minimizing volatility reduces the risk of assets while also reducing future
excess returns.
It should be pointed out that the expected return of the risk portfolio i in the CAPM is
completely determined by its β i , and has nothing to do with the asset’s risk σ i . In other words,
assuming that the risk asset a has a huge risk σ a , but its correlation with the market portfolio
β is very small, then the expected rate of return of asset a is actually very small.
The usefulness of β is embodied in the analysis of securities, investment decisions and risk
control.
First, β reflects the contribution rate of a security or a portfolio of securities to the variance
of the market portfolio. Which is an indicator for the sensitivity of the security’s return to the
changes in the average return level of the market. That can be treated as an index that measures
the level of systemic risk assumed by securities.
The second role of β is risk controlling, because β measures the systematic risk involved in a
security or a porfolio, investors can choose securities with risks based on their risk tolerance.
A rational investor will choose and hold an optimal investment portfolio, that is, those that
maximize the expected return at a given level of risk, or those that minimize the risk at a given
level of expected return (Markowitz 1952). In order to calculate how much excess returns (returns
on individual security minus the market returns) will be generated for each unit of total risk that
the investment portfolio bears, William Sharpe, one of the founders of CAPM, introduced the

6

2. INVESTING IN CAPM

Sharpe Ratio in 1966. Actually the initial name of the Sharpe Ratio is Reward-to-Variability
Ratio (R/V), which explicitly reflects the essence of this indicator:
Sharpe Ratio =

E(ri − rf )
σi

Where E[ri ] is the expected rate of return of an individual asset; rf is the risk-free rate and
σ i is the standard deviation of asset i. The standard deviation can be understood as a proxy
indicator of risk in this equation (Sharpe 1966).
The Sharpe ratio measures the excess return after risk adjustment. In an article of William
Sharpe’s own interpretation of the Sharpe ratio, it pointed out that the Sharpe ratio is divided
into:

• The Ex Ante Sharpe Ratio, use the expected mean and standard deviation of return in a
single-period for calculation;
• The Ex Post Sharpe Ratio, calculated by historical data, which will be the Sharpe Ratio
mentioned later in this paper.

2.3 Balancing Risks and Returns
Risk and return are the core contradictions that need to be addressed in the allocation of assets.
The task of asset allocation is divided into two levels: the first level is to construct the investment
portfolio according to the returns target, risk tolerance and liquidity requirements; the second
level is to increase the Sharpe ratio of the portfolio as much as possible, which reflects the
manager’s risk-return eﬀiciency. There are two ways to increase the Sharpe ratio: the first is
through risk diversification, so that the fluctuations of various assets can be hedged with each
other to reduce the risk of the portfolio, which is a β return. The second is asset rotation, using
fundamental analysis such as predicting asset price trends to avoid downside risks and obtain
upside risks(returns). This is an α returns, which is a zero-sum or negative-sum game if income
tax is included.

2.3. BALANCING RISKS AND RETURNS
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2.3.1 Mean-Variance Optimization (MVO)
The goal of asset allocation is to invest liquidity (cash) into a variety of assets reasonably, in
order to maximize the rate of returns while controlling risks within a certain range. The most
famous theory is the Modern Portfolio Theory referred to as MPT, which was proposed by
Markowitz in 1952. The core idea of MPT is to minimize the standard deviation (or similarly,
the variance) and maximize the expected return for asset allocation, so it is also called MeanVariance Optimization (MVO), which is one of the most important theory on pricing a financial
security.
Harry M.Markowitz regards the price changes of the portfolio as a random variable, and uses
its mean to measure returns and its variance to measure risks. Taking the ratio of various securities in the investment portfolio as control variables, the problem of constructing a investment
portfolio with the minimum risk of seeking a certain return is reduced to a quadratic programming problem under linear constraints. Then investors can make investment decisions based on
their preferences.
In the MPT model, we assume that investors’perception of the risk of an asset is equivalent
to the standard deviation of the asset’s rate of return. Therefore, any asset or portfolio of assets
can be placed on a two-dimensional graph based on its returns and risks. The horizontal axis of
the graph is the standard deviation of the rate of return, and the vertical axis is the expected
value of the rate of return.

Figure 2.3.1. A risky asset A on the Risk-Return Coordinates

8

2. INVESTING IN CAPM
Investors are pursuing asset allocation with low risk and high returns. Therefore, if the fixed

rate of return remains unchanged, we want to minimize the risk, that is, to get the smallest
horizontal axis value; if the fixed risk remains unchanged, we want to increase the rate of return
to the highest, that is, to get the largest vertical axis value.

Figure 2.3.2. risky asset B is better than A, and A is better than C

Suppose there are N different financial assets in the market 1,2,…,N. For a certain asset i,
use ri to denote the random variable of the return rate of the asset, E[ri ] to denote the expected
rate of return, and σ i to denote the standard deviation of ri .
All assets in the market with a variance of return greater than 0 is called risky assets. For
those assets with no uncertainty in return are called risk-free assets. Also, assuming that the
rate of return of all risk-free assets in the market is the same with rf .
A risky portfolio P is composed of risk assets i=1,2,…,N according to a certain weight ratio.
P
The weight for each asset i in P is wi , which satisfies N
i=1 wi =1. We assume that the market is
completely open and can long or short without any restrictions, so wi can be any real number.
According to the rate of return of a single asset, the return of the asset portfolio rP can be
calculated:

rp =

N
X
i=1

wi ri

2.3. BALANCING RISKS AND RETURNS

9

The expected returns of the portfolio E[rp ] is:
"N
#
N
X
X
E[rp ] = E
wi ri =
wi E[ri ]
i=1

i=1

The variance V ar(rp ) is:
V ar(rp ) = E[rp − E[rp ]] =

N X
N
X

wi wj Cov(ri , rj )

i=1 j=1

The standard deviation σp is:
σp =

q
V ar(rp )

2.3.2 The Eﬀiciency Frontier
Now, if we fix the expected return, and then find a asset has this expected return with the smallest
standard deviation. In other words, for any expected return value µ, find a configuration weight
w=(w1 ,w2 ,…,wn ). The defined asset portfolio P requires that the expected rate of return of P
is µ, and among all the combinations that can be configured with an expected return of µ, the
variance of P is the smallest. Then, it is expressed as an optimization problem:
min =
V ar(rp )

s.t. E[rp ] =

N X
N
X

wi wj Cov(ri , rj )

i=1 j=1
N
X

wi E[ri ] = µ

i=1
N
X

wi = 1

i=1

The best solution to this problem can be found using the Lagrange multiplier. For each value
µ, we obtain a risk asset portfolio P that satisfies E[rp ]=µ with the smallest σ p . If we draw these
optimal solutions into a graph, we can get a parabola on the risk-expected return coordinate.
Depending on the different data of the assets used in the calculation, this curve will be different,
but it basically follows the shape below.
This curve is called the eﬀiciency frontier. Because it is shaped like a tip of bullet, it is
also called a Markowitz bullet. The eﬀiciency frontier has a position where the volatility is the
smallest, that is, the leftmost place of the curve in the graph. By fixing the expected return and

10
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Figure 2.3.3. Eﬀiciency Frontier by plotting every solutions

finding the lowest risk, we can get the upper half of the curve. Every points above the leftmost
point is defined as eﬀicient. If we fix the risk and try to find the largest expected return, the
lower half of the eﬀiciency frontier will be filtered out. Therefore, many times what people call
the eﬀiciency frontier will specifically refer to the upper part.

2.3.3

Adding the Risk-free Asset

The area to the left of the eﬀiciency frontier cannot be attained through allocating risky assets.
But if risk-free assets are added to the asset allocation process, some positions on the left are
available.
We select a portfolio P on the eﬀiciency frontier, and choose the ratio α ≥ 0 of principal
investing on portfolio P. Then, we invest 1 − α to the risk-free assets. If α ≤ 1, then 1 − α ≥ 0,
that is, we deposit 1-α times the principal in the bank or buy government bonds to obtain riskfree interest. If α ≥ 1, then 1 − α ≤ 0, which means that we borrow cash α − 1 times the capital
with the risk-free interest rate. Then, we use the loan with the principal together investing in
portfolio P. In this way, using α as the coeﬀicient, a combination of P and risk-free assets is set

2.3. BALANCING RISKS AND RETURNS
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Figure 2.3.4. adding the risk-free asset to the Eﬀiciency Frontier

up, and we will record and calculate its return as rα :

E[rα ] = E[αrp × (1 − α)rf ]
= αE[rp ] × (1 − α)rf
q
q
σα = V ar(αrp ) × (1 − α)rf = α2 V ar(rp)
= ασp

Different from the calculation of the eﬀiciency frontier above, the σ α and E[rα ] are are in a
simple linear relationships. Therefore, if we draw all the points corresponding to α ≥ 0, what
we get is a line pass through (0,rf ) and (σ p ,E[rp ]) as shown in (Figure 2.3.4).
As shown in the figure above, if the blue dot is the risk-free interest rate and the red dot is the
combined portfolio with risk free asset and risky asset selected from P on an eﬀiciency frontier,
then all the points on the yellow line can be obtained by allocating risk-free assets and P in a
certain proportion.
The slope of the yellow line is the difference between the portfolio P and risk-free assets
divided by their standard deviation. That is:

Sp =

E[rp ] − rf
E[rp ] − rf
=
= Sharpe ratio
σp − σrf
σp
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Market Portfolio and Capital Market Lines (CML)

It can be obtained by calculation that there must be a point with the highest Sharpe ratio on
the eﬀiciency frontier, which we call the market portfolio.
The above equation proved that the Sharpe ratio of a portfolio is equivalent to the slope of
the straight line connecting the risk-free assets and the portfolio on the eﬀiciency frontier. Then
if we want to find the highest Sharpe ratio of the market portfolio on the frontier, we have to
find out the steepest slope of the line connecting the risk-free assets. Therefore, this line must
be tangent to the eﬀiciency frontier, as shown in the figure below.

Figure 2.3.5. a tangent line to the Eﬀiciency Frontier

The blue dot in the figure is a risk-free asset, and the red dot is a market portfolio. The line
passing through them are called the capital market line(CML). The position between the red dot
and the blue dot is obtained by investing a fund in a risk-free asset and placing the remaining
funds into the market portfolio. The position to the right of the red dot means investors borrow
from a risk-free interest rate, and invest their funds and loans into the market portfolio.
If the risk-free interest rate is rf , the market portfolio is M, and the Sharpe ratio of the market
portfolio is SM , the formula of the CML is:

µ = rf SM σ

2.4. CAPM PORTFOLIO
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The significance of the CML is that if the standard deviation is fixed, then the portfolio with
the highest expected return in the market is on this line. If the expected return is fixed, then the
portfolio with the lowest standard deviation in the market is on this line. Therefore, the CML
can be intuitively understood as the theoretical Optimal Allocation Line.
The expected return of a portfolio is the linear weighted average of its underlying assets.
However, the risk of the portfolio is more complex and determined by the correlation between
the underlying assets. In the analysis of the MPT model, the reasonable allocation of assets can
reduce risks while ensuring high returns (Markowitz 1966). In theory, the optimal allocation
portfolio is the market portfolio with the highest Sharpe ratio.

2.4 CAPM Portfolio
Capital Asset Pricing Model was proposed by Treynor, Sharpe, Lintner, and Mossin on the basis
of Markowitz’s MPT. Although CAPM’s assumptions are far-fetched and its conclusions often
contradict empirical evidence, it has always been an important theory in financial economics
and has laid the foundation for more advanced models.

Figure 2.4.1. Source: Jonathan and Peter Corporate Finance Third Edition
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CAPM and Sharpe Ratio

Through the aforementioned CAPM formula, we can calculate the relationship between the
Sharpe ratio of the asset SA and the Sharpe ratio of the market portfolio SM :
E[rA ] − rf
σA
β(E[rM ] − rf )
=
σA
Cov(rM , rA ) E[rM ] − rf
=
×
σA σM
σM

SA =

= Cov(rM , rA ) × SM
In other words, the Sharpe ratio of the asset SA is equal to the Sharpe ratio of the market
SM multiplied by the correlation coeﬀicient between market and asset A. In the MPT model,
market portfolio M has the highest Sharpe ratio among all risky portfolios, that is, the most
eﬀicient portfolio. This formula tells us that the higher the correlation between portfolio S and
market M, the higher the Sharpe ratio of S and the greater the ratio of return to risk.

2.4.2

Proof of CAPM

Proof: For any α ∈ R, we define Aα as a portfolio made by α risky asset S and 1 − α market
portfolio M. The expected returns and volatility of portfolio A are r(α) and σ(α). Then, we
define function f (a) = (σ(α), r(α)) where f is in the eﬀiciency frontier and f (1) = (σ(S), E[rS ]),
f (0) = (σ(M ), E[rM ]). This function will intersect with the CML at the market portfolio when
α = 0. Also, all risky asset are below the CML. Thus, this curve f will never intersect the CML
again. Therefore, f (a) is tangent to the CML at (σ(M ), E[rM ]), as the figure showing below:
The Sharpe ratio of the CML is the slope of the the curve:
Sharpe(M) =

E[rM ] − rf
σM

Then, for f :
dr
dσ

=
α=0

E[rM ] − rf
σM

(2.4.1)

2.4. CAPM PORTFOLIO
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Figure 2.4.2. function f contains risky asset S

The returns of portfolio Aα :

rAα = αrS + (1 − α)rM

Thus,

r(α) = E[rAα ] = αE[rS ] + (1 − α)E[rM ],
q
σ(α) = σ(rAα ) = α2 σr2S + (1 − α)2 σr2M + 2α(1 − α)Cov(rM , rS )

(2.4.2)
(2.4.3)

16
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Then, if we substitute (2.4.2) and (2.4.3) into the left side of the equation (2.4.1):
dr
dσ

=

=

=



α=0

dr
=
dα



dσ
dα


α=0

E[rs ] − E[rM ]
1
2

×

(ασs2

1 −1
2 σM

+ (1 −

2
α)σM

2 + (2 − 4αCov(r , r )))
+ 2α(1 − σ)Cov(rM , rS ))− 2 × (2ασS2 + 2(1 − α)σM
M
S
1

E[rs ] − E[rM ]
× (2Cov(rM , rS ) − 2V ar(rM ))

(E[rs ] − E[rM ]) × σM
Cov(rM , rS ) − V ar(rM )

Therefore, equation (2.4.1) is:
(E[rs ] − E[rM ]) × σM
Cov(rM , rS ) − V ar(rM )

E[rS ] − E[rM ] =

Cov(rM , rS ) − V ar(rM )
· (E[rM ] − rf )
V ar(rM )

E[rS ] − E[rM ] = (βS − 1) · (E[rM ] − rf )

E[rS ] = rf + βS (E[rM ] − rf )
QED

2.4.3

Application of CAPM

The application of the CAPM formula is theoretically a paradox, because under the assumption
of CAPM, all investors hold the market portfolio M. So investors do not need to separately
calculate the rate of return of each risky asset - the portfolio of assets they hold is already the
optimal portfolio. But in fact, the utility standards of investors are different. The asset allocation
is also very different. Thus, there is no unanimous market portfolio for investors to build up as
CAPM instructed.

2.4. CAPM PORTFOLIO
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However, as the ground-laying theory of the asset pricing, the biggest advantage of CAPM lies
in its simplicity and clarity. It divides the price of any kind of risky security into three factors:
the risk-free rate of return, the price of risk, and the unit of risks.
Another advantage of CAPM lies in its theoretical practicality. It provides a mathematical
method for investors to evaluate and select various competitive financial assets based on absolute
risk (adjusted by the risk-free rate) rather than total risk. This method has been widely adopted
by investors in the financial market to solve general problems in investment decision-making.
Of course, CAPM is not perfect, and it has certain limitations. First of all, the premise of
CAPM is diﬀicult to achieve:
Hypothesis 1: The market is in a state of perfect competition. However, it is very diﬀicult to
achieve a perfectly eﬀicient market in reality, and market-making situations occur from time to
time.
Hypothesis 2: Investors have the same investment duration and do not consider the situation
after their investment. However, there are so many investors in the market that their asset
holding periods cannot be exactly the same.
Hypothesis 3: Any investors can borrow at a fixed risk-free interest rate without restrictions,
which is also diﬀicult to achieve. Risk free borrowing are open to only few institutional investors
with huge market capital. Individual investors even small and medium-sized institutional investors have to endure different interest rate premiums to obtain loans.
Hypothesis 4: There is no friction in the market. But in fact, the market has ineﬀiciency
such as transaction costs, taxation, and information asymmetry. This will significantly increase
transaction costs.
Hypothesis 5: Rational person hypothesis and consensus expectation hypothesis. Obviously,
these two assumptions are just an ideal state. No matter how accurate the mathematical model
can describe market risks, investors often do not rely on their rationality to make bets.
Secondly, the β value in CAPM is diﬀicult to determine. Due to the lack of historical data
for certain securities, its β value is not easy to estimate. In addition, due to the continuous
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development and changes of the economy, the β value of various securities will also change
accordingly. Therefore, the β value estimated based on historical data has limited guidance for
the future.

3
Risk Parity

Traditional asset allocation strategies guiding by CAPM started with selecting assets with low
correlation in order to decentralized risk. However, most hedge fund managers focused on the
contribution of returns from different assets (Qian 2016). This type of strategy ignores the
composition of the risk, making the portfolio risk mainly concentrated on one or several assets. In
order to solve this problem, Dr. Edward E. Qian of PanAgora Asset Management first proposed
a risk parity strategy in 2005, which achieved true risk diversification by equalizing the weight
of each risk factor to the overall risk of the portfolio. .
As a portfolio management theory improved on CAPM, the basic risk parity strategy is to
balance the risk contribution. Starting from the Modern Portfolio Theory, we can calculate the
risk contribution of each asset to the portfolio. Risk parity is to make the risk contribution of
each asset equal. Empirical data have proved that the risk parity strategy achieves a fairly high
Sharpe ratio through risk hedging. However, if we simply build up a risk parity portfolio by
equalizing their risk contribution applying the doctrine in MPT. The portfolio will has some
disadvantages: one is that the return of the risk parity portfolio is relatively low, and it cannot
be flexibly adjusted to meet investor preferences. Also, the proportion of low-volatility asset
allocation is too high. So, a leveraged risk-parity portfolio is necessary. This includes two forms
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Asset Allocation Theory
Constant-Weighting
Mean-variance theory
Factor Investment(CAPM)
Black–Litterman model
Merrill Lynch Investment
Risk-Parity

First introduced on
n/a
1952
1964
1992
2004
2005

Alpha/Beta
Beta
Beta
Combined
Beta
Alpha
Beta

of leveraging: leveraging the entire risk parity portfolio, or leveraging each asset inside the risk
parity portfolio.

3.1 Introduction to Risk Parity
Risk parity strategy is a new star in the theory of asset allocation. Since Bridgewater Associates
launched the first risk parity portfolio in 1996 - All-Weather strategy, the academics and market
researches on risk parity has gradually deepened. It has been combined with various advanced
asset allocation methods and theories. The most representative one is the combination with
factor investment, which makes risk parity shift from the initial diversification of risk scenarios
to the diversification of risk factors. However, in the limited practice of risk parity, not all risk
parity portfolios can achieve their original intention of safely passing through the economics cycle
with controllable max drawdown (max drawdown refers to the difference between the maximum
cumulative return and the minimum cumulative return over a period of time) (Bhansali 2011).
This shows that there are still a lot of details to consider in the process of constructing the
portfolio.
The classic risk parity model uses volatility as a measure of risk, so that the risk contribution
of each individual assets is the same. This will cause low-volatility and low-yield assets to have
a higher weight, and the result will be a decrease in the portfolio returns. In order to balance
portfolio returns and risks, investors can appropriately increase leverage for low-volatility and
low-yield assets. Due to the existence of leverage, the risks and returns of the assets will be
magnified at the same time, and the Sharpe ratio of the assets will not be affected. Thereby
increasing the portfolio return.

3.1. INTRODUCTION TO RISK PARITY
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Due to the great success of All-weather Strategy, the concept of risk parity has rapidly become
popular in the investment world and gradually developing many different versions. Among them,
the most famous is undoubtedly the equal-weighted risk contributions portfolio (EWRCP). It
uses the volatility of the portfolio as a proxy indicator of risk. The method aims to determine
the best allocation weight with the goal of each investment product contributing the same to
the volatility of the portfolio.
The essence of EWRCP is to achieve the goal of portfolio crossing the economics cycle through
optimized risk dispersion and hedging. Theoretically, it is an approximate solution to the optimal
solution of the Sharpe ratio in Markowitz’s portfolio theory:
Suppose there are N risky assets. Let their covariance matrix be V, and their weights in the
portfolio be ω. Hence, the volatility of the entire portfolio (σ p ) is:
√

ω′V ω

The risk contribution of each risky asset is determined by the partial derivative of their weight
in the portfolio wi and their volatility σ i :
ωi (V ω)i
σi (ω) = ωi × ∂ωi σ(ω) = √
ω′V ω
Due to the requirements of risk parity:
σi (ω) = σω /N
meaning that the risk contributions of each individual risky asset are same (1/N). Therefore,
the solution of the optimization problem below is:
2
N 
X
ωi − σ(ω)2
min
ω
V ωi /N
i=1

s.t. σ(ω) = C
where C is a given risk value for the portfolio. Then, the MVO problem with given risk value
become:
1
max µ(ω) − δσ(ω)2
w
2
s.t. σ(ω) = C
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Then,

1
max µ(ω) − δC 2
w
2

Then,

max
w

E(ri − rf )
µ(ω)
=
= Sharpe ratio
C
σi

It can be shown that when the Sharpe ratio of underlying assets in the portfolio is the same
and their returns are independent of each other (that is, the covariance matrix ω is a diagonal
matrix), the above risk parity optimization problem is equivalent to maximizing the Sharpe
ratio of the portfolio. This gives a very reasonable and practical explanation for the equal risk
contribution portfolio - it can maximize the Sharpe ratio of the portfolio.
The core of risk parity lies in the unremitting pursuit of real risk diversification. Before the
emergence of risk parity, risk diversification meant the allocation of various assets in a fixed
proportion, and the allocation of equity and debt was mostly 60/40 (Kopcke and Rosengren
1989). That is, 60% of the investment is in stocks, and the 40% left in the bonds market. Since
the historical data shows there is a general negative correlation between bonds and the stock
market (Rankin and Shah Idil 2014), this allocation method of asset will hedge the downside
risk and receive returns from the economic growth through stock dividends and bonds interest.
But in the 60/40 portfolio, most of the volatility of the portfolio comes from stocks, that is,
the portfolio risk is not truly diversified. Such a combination is diﬀicult to pass the test of the
Internet bubble in 2000 and the tail risks of the 2008 subprime mortgage crisis.
Risk parity pursues three levels: the balance of the risk contribution from each asset, the
balance of the risk scenarios and the balance of the risk factors. These three types of parity are
progressive, which are getting closer and closer to real risk diversification.

3.2. A CLASSIC RISK PARITY PORFOLIO
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Figure 3.1.1. most of the returns and risks in the 60/40 portfolio are contributed by stocks

3.2 A Classic Risk Parity Porfolio
The simplest risk parity is to equalize each asset’s risk contribution to the portfolio. The above
proves that in the Markovitz portfolio theory framework, effective risk diversification can hedge
risk and increase the Sharpe ratio of the portfolio. Traditional asset allocation methods often
have a higher allocation ratio to equity in order to obtain satisfactory returns, and most of the
portfolio risk comes from equity assets. Risk parity, however, focus on the risk contribution of
assets to the portfolio, and makes the risk contribution of each asset to the portfolio equally to
obtain a risk parity portfolio.

Figure 3.2.1. A value-parity portfolio
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Figure 3.2.2. risk contribution to the portfolio

3.2.1

Two Assets Portfolio

I will build up a simple two-assets portfolio by using real data from the China financial market
to start the explanation of this strategy.
The monthly data of the stock and bond indexes are representing the investment targets, and
the 60/40 portfolio is used as the control variable. CSI 300’s data from 2002 recorded the biggest
300 stocks in the China stocks market can be regarded as the stock index. The average monthly
yield is 0.88% with 8.3% as the volatility; the average monthly yield of the CSI Universal Bond
Index during the same period gains 0.3% with only 0.86% as the volatility. If we use the R007 (7
days repurchase rate of the inter-bank market) in the same period as the cash income and the
risk-free interest rate, the annual average yield is 2.72%. From the data we have selected, we are
able to calculate the annualized Sharpe ratio of the CSI 300 and CSI Bond Index to be 0.273
and 0.295 respectively. It can be also calculated that the average return of the 60/40 portfolio
of monthly adjustments is 0.65%, and the volatility is 4.95% with the annualized Sharpe ratio
0.296, which is slightly higher than two individual assets.
We can then calculate the variance of the 60/40 portfolio (σ p 2 ), which is the sum of three
parts: the square of the stock weight multiplied by the variance of the stock, the square of the
bond weight multiplied by the bond and the product of the respective weights and standard
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Average Return
Standard Deviation
Annual Sharpe ratio
corr. CSI 300
corr. CSI Bonds

CSI 300 Stocks
0.88%
8.3%
0.273
1
-0.13
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CSI Bonds
0.3%
0.86%
0.295
-0.13
1

60/40
0.65%
4.95%
0.296
0.998
-0.062

deviations of stocks and bonds, multiplied by twice the correlation coeﬀicient: :
σp2 = 0.62 × 0.0832 + 0.42 × 0.00862 + 2 × (−0.13) × 0.6 × 0.4 × 0.083 × 0.0086
= 0.04952
The variance of the stock contribution(σ S 2 ) is the sum of first and half of the third items, and
the variance of the bond contribution(σ B 2 ) is the sum of second and half of the third items:
σS2 = 0.62 × 0.0832 + (−0.13) × 0.6 × 0.4 × 0.083 × 0.0086
= 0.04962
2
σB
= 0.42 × 0.00862 + (−0.13) × 0.6 × 0.4 × 0.083 × 0.0086

= −1.04 × 10−5
The sum of the two contributions is exactly the variance of the entire portfolio:
2
σS2 + σB
= σp2

Therefore, we are able to calculate the risk contribution of Stock(PS ) and Bonds(PB ):
PS =

σS2
0.04962
=
= 100.3%
σp2
0.04952

PB =

2
σB
−1.04 × 10−5
=
= −0.3%
σp2
0.04952

3.2.2 Adjusted to Risk Parity
The result showing above is a relatively rare solution. The risk contribution of bonds to the
entire portfolio is negative. This is because the correlation coeﬀicient between stocks and bonds
is negative here, so the volatility of the two assets are hedged. At the same time, the volatility
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Average Return
Standard Deviation
Annual Sharpe ratio
corr. CSI 300
corr. CSI Bonds

CSI 300 Stocks
0.88%
8.3%
0.273
1
-0.13

CSI Bonds
0.3%
0.86%
0.295
-0.13
1

60/40
0.65%
4.95%
0.296
0.998
-0.062

Risk Parity
0.36%
1.09%
0.383
0.72
0.6

of bonds is too small (only 1/10) compared to stocks, so the net contribution of bonds to the
entire portfolio is negative, meaning that stocks provide risk beyond the entire portfolio.
If we set the allocation ratio of stocks to x, the allocation ratio of bonds is 1-x and we set the
condition
x ∈ [0, 1]
In this way, the above variables become a unary function of x. As mentioned earlier, risk parity
means that each asset in the portfolio contributes equally to the risk of the portfolio. We can
solve the numerical solution:
σS2 = x2 × 0.0832 + (−0.13) × (1 − x) × x × 0.083 × 0.0086
2
σB
= (1 − x)2 × 0.00862 + (−0.13) × (1 − x) × x × 0.083 × 0.0086

We set PS =PB , that is, σ S 2 =σ B 2 , considering the constraints, we can get x=10.6%. That is,
the ratio of asset allocation under risk parity is 10.6% for stock and 89.4% for bond. This is
similar to the reciprocal of the ratio of the standard deviations for two assets.
If we use the traditional Markowitz MVO to find the Sharpe ratio in this scenario:
rp = 0.0088x + 0.003(1 − x)
σp2 = 0.007x2 − 3.8 × 10−5 x + 7.4 × 10−5
Sharpe Ratio =

12rp − 0.0272
√
12σ

Through the numerical method, we can get that, within the constraints, the optimal solution
of the combined annualized Sharpe ratio appears at the position of x=8.4%, which corresponds to
the Sharpe ratio of 0.386. It can be seen that it is very similar to the Sharpe ratio corresponding
to the risk parity(0.383).
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Therefore, we come to an important conclusion: the essence of risk parity theory is to obtain an
approximate solution to the optimal solution of the Sharpe ratio in Markowitz’s portfolio theory
through optimal hedging of risks. Such statements are quite different from the traditional view
on the term “Risk Parity”(Qian 2016). The traditional view will undoubtedly believe that risk
parity is based on the balance of risks to achieve fully hedging between assets in order to achieve
the goal of passing the economic cycle, and this hedging of risk takes a lower return as a trade-off.
However, we have defined the second (higher) goal of asset allocation in the beginning of the
chapter. That is to increase the portfolio Sharpe ratio. As long as people use the Sharpe ratio
to measure portfolio management capabilities on risk-adjusted returns, then we can understand
the risk parity in this way - it is trying to optimize the solution of the Sharpe ratio.
The basic risk parity achieves optimal risk diversification, which is its greatest contribution
to portfolio management. In the previous section, the methods of increasing the Sharpe ratio
of the portfolio were divided into two categories: the first one is to hedge the fluctuations of
various assets through risk diversification, reduce the volatility of the portfolio to increase the
Sharpe ratio, which belongs to β income. The second is through asset rotation, using fundamental
analysis and other methods to predict price trends and adjust positions to obtain upside risks and
avoid downside risks, which belongs to α income. The positioning of risk parity lies in maximizing
β returns. However, as we will see later, in practice, risk parity can also be combined with macrofundamental, factor investment and other methods to simultaneously obtain α returns.

3.3 Improving the Portfolio with Leverage and Risk Measurement
The above example shows the most basic risk parity model. However, the above model has two
obvious drawbacks in practice:
First, the portfolio’s rate of returns is very low. Although the Sharpe ratio of the above risk
parity portfolio is close to the optimal result, the returns of the portfolio can only reach 4.32%
annually, which is only slightly higher than the β return and risk-free interest rate of bonds,
which is obviously not competitive. In addition, the rate of return of this portfolio is also very

28

3. RISK PARITY

restrictive. It cannot be effectively adjusted according to the investor’s expected return, risk
preference, and liquidity requirements.
Second, the allocation ratio of bonds is very high. Since the conditions of risk parity stipulate
that all assets contribute equal risk to the portfolio, assets with high volatility are destined not
to have a higher allocation ratio in the portfolio, and most of the net worth is allocated in assets
with low volatility. In the simplest model of two assets in the above section, the allocation ratio
of bonds is as high as 90%, which makes the entire portfolio very close to a yield-enhanced bond
fund.
The introduction of leverage can effectively solve the above two problems:
The combination of risk parity and leverage can obtain the specified volatility and return,
while ensuring a high Sharpe ratio. Although the actual cost of funds for leveraged transactions
is not easy to estimate, the academic convention is to use the interest rate from the money market
as the cost of leveraged transactions. We will analyze this assumption first. If the fund interest
rate is fixed and is lower than the rate of return of the risk parity portfolio, then the risk parity
portfolio with leverage becomes a straight line on the (risk, return) chart. This allows investors
to construct the investment portfolio according to their expected returns and risk tolerance. As
long as the cost of leverage and the cost of capital in the market are similar, the portfolio’s
optimal Sharpe ratio can be maintained.

Figure 3.3.1. A leveraged risk parity portfolio reach same returns of 60/40 with lower volatility
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Figure 3.3.2. A leveraged risk parity portfolio reach same returns of 60/40 with lower volatility

The simple dual-asset portfolio we calculated above is an example. After the risk parity portfolio is added with leverage, it can achieve better performance on both returns and risks management than the 60/40 portfolio. This greatly expands the flexibility of risk parity strategies.
The second problem can also be solved by using leverage. Leveraging each underlying basic
asset in the portfolio, We can adjust the level of risk and return of each asset to construct a
equal risk-weight portfolio.

Figure 3.3.3. Returns and Risks for different assets Source: Engineering Targeted Returns and Risks by
Bridgewater Associates
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Suppose we want to construct a portfolio with an average annual rate of return of 10% with
each asset has different risk-return performance. As long as all kinds of assets can outperform
cash returns (risk-free) in the long term. We can then cover the cost of leverage and adjusting
all kinds of assets to 10% rate of return. Then we can construct a 10% risk parity portfolio. This
portfolio not only satisfies the target of having suﬀicient rate of returns, that is, it has a high
Sharpe ratio. It can also achieve a relatively balance risk-weight among the assets.

Figure 3.3.4. assets adjusted by leverage Source: Engineering Targeted Returns and Risks by Bridgewater
Associates

It needs to be admitted that although the introduction of leverage has greatly increased the
flexibility of risk parity, there are still many diﬀiculties in promoting it in practice. The first is
the problem of risk. The traditional risk volatility measurement cannot effectively measure the
tail risk, which makes the actual risk of the portfolio with leverage higher than that shown in
the model. Secondly, the market still rejects the massive introduction of leverage, including the
attitude of investors towards leverage (Jermias and Yigit 2018). Last but not least, regulatory
requirements often make the introduction of leverage impossible, especially for pension funds or
mutual funds (CSRC 2014).
The argument for flexibly adding leverage to the portfolio is that high-volatility assets actually
already imply leverage (AIt-Sahalia, Fan and Li 2013). For example, among equity assets, the
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price volatility is much higher than the economic volatility because the company spontaneously
introduces two types of leverages in its operations: the financial leverage and the operating
leverage. It may be precisely because such assets contain leverage that they become high volatility
assets.
Although we must be aware of the problems brought about by the introduction of leverage
in the portfolio, we also need to understand that in theory, leverage can greatly increase the
flexibility of risk parity strategies, which is also used by many risk parity portfolios in practice.
In fact, if we consider the use of leverage to increase returns, risk parity portfolio is no longer
just a low-volatility cross-cycle strategy, but actually an arbitrage strategy (Dalio, Prince and
Jensen 2015).

3.3.1 Downside Risk, Tail Risk, VaR and Maximum Draw-down
Empirical research shows that the distribution of asset price returns is not symmetrical, but
has a certain degree of skewness (Lempérière, Deremble and Nguyen 2017), so volatility as an
uncertain measure of asset loss has certain defects.
Downside risk (σd ), as a correction to volatility, only pays attention to the average value
of returns that are less than the acceptable value. Then, it describes risk more accurately for
a assets with large skewness of return distribution than volatility. The definition of downside
volatility is as follows:
s
σd =

PN

i=1 (ri

− r0 )2

N

Among them, ri is the rate of return, and r0 is the acceptable rate of return. When r0 is 0, the
downward volatility measures the possible average loss in the future.
The yield distribution of most assets has the characteristic of a fat tail (Xiong and Idzorek
2011), and once the tail risk or Black Swan appears (an unpredictable event that is beyond what
is normally expected of a situation), the loss it brings is likely to be permanent. So people put
forward the value at risk (VaR) as a measure of tail risk. VaR generally refers to the maximum
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loss of an asset in a certain period of time in the future under a certain probability:
P (R > V aR) = P (L < −V aR) = p
Among them, R is the rate of return, L is the rate of loss, and p is the confidence level
(generally takes 0.95). The greater the VaR value, the greater the possible future loss under a
certain probability. Tail risk refers to the probability of a rate of return lower than VaR is less
than 0.05.
VaR measures the lower limit of tail risk, but does not measure the overall characteristics of
tail risk. The Conditonal Value at Risk (CVaR) or Expected Shortfall (ES) can measure the
overall characteristics of tail risk. CVaR can be expressed as:
Z Var
CV aR =
p(r) × rdr
−∞

Where r is the rate of return, and p(r) is the probability density function of the rate of return
distribution.
The maximum draw-down refers to the difference between the maximum cumulative return
and the minimum cumulative return over a period of time. In fact, the maximum draw-down
measures the clustering effect of negative returns on a time scale.
Volatility measures the expected future losses and possible gains (assuming that the distribution of returns is symmetric). Downside volatility measures the expected loss in the future. VaR
and CVaR measure the extreme value of possible losses. The maximum draw-down measures the
accumulation of losses in time. Each type of investor has different focus on risk and different risk
tolerance. Therefore, when the risk parity portfolio is set up for asset allocation, the description
of different risks will also change the entire portfolio structure.

3.3.2

Risk Parity and the Sharpe Ratio

In the aforementioned section, we used the two-assets portfolio to show that the Sharpe ratio
of the risk parity strategy is very close to the optimal Sharpe ratio in the mean-variance model.
We will discuss the specific proof and give it the conditions for the equivalence situation of those
two portfolio in more detail below.
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Suppose we have N assets. For every asset i = 1,2,3,...,N, their excess returns is rprem
and
i
volatility is σ i . Their weight in the portfolio is r i . The portfolio excess returns and volatility
are rprem
and σ p . Then, combining the marginal risk contribution (MRC) of each asset and its
p
weight, we can get the total risk contribution (TRC) of each asset:
T RCi = wi M RCi = wi

δσp
δwi

The volatility of the entire portfolio is:
σp =

N
X

T RCi

i=1

For a risk parity portfolio, the risk contribution of each asset is equal, so:
Sp =

T RCi
1
=
σp
N

We can get the Sharpe ratio of the portfolio (Sp ):
rpprem
σp
Therefore, The conditions for the optimal Sharpe ratio is:
δSp
=
δwi

δrpprem
δwi σp

−

δσp prem
δwi rp

σp2

=0

With:
δrpprem
= riprem
δwi
δσp
T RCi
= M RCi =
δwi
wi
Therefore,
riprem σp −

T RCi prem
r
=0
wi p

Thus,
rprem
T RCi
= wi iprem
σp
rp
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That is to say, the condition of the optimal Sharpe ratio is that the proportion of the risk
contribution of each asset is equal to their proportion of the excess return contribution.
Comparing the conditions of the above two portfolio, the optimal Sharpe ratio portfolio becomes a risk parity portfolio if we assume the rate of returns of underlying assets are equal. This
is the main reason for the similar results between this two Sharpe ratio. We can further prove
that the two portfolios are the same as long as the correlation coeﬀicient of each asset is 0.
When the correlation coeﬀicient of each asset is 0:
T RCi =

wi2 σi2
σp

At this time, the condition of risk parity becomes:
wj2 σj2
wi2 σi2
T RCi =
=
σp
σp
In the absence of short selling (wi > 0), we can get:
σj
wi
=
wj
σi
Therefore, we can see that when the correlation coeﬀicient of each asset is 0, the condition of
the risk parity portfolio becomes that the weight ratio of each asset is equal to the reciprocal
of their volatility ratio. This is why in the aforementioned section, when constructing a two
assets risk parity portfolio of stocks and bonds, we found that the allocation ratio is basically
equivalent to the reciprocal of the ratio of their volatility of the two assets.
If the Sharpe ratio of each asset is equal at this time, the risk parity condition becomes:
rjprem
σj
wi
=
= prem
wj
σi
ri
Thus,
wi riprem = wj rjprem
Then,
rpprem =

N
X
i=1

wi riprem = N wi riprem
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Therefore,
wi riprem
1
T RCi
=
prem =
N
σp
rp
This is the condition of the optimal Sharpe ratio portfolio. We proved that under the condition
that the correlation coeﬀicient of each asset is 0 and the Sharpe ratio is equal, the risk parity
portfolio is the same as the optimal Sharpe ratio portfolio. However, it is worth mentioning that
above we only proved that these two conditions are suﬀicient conditions, but did not prove the
necessary conditions. Under certain correlation coeﬀicients and Sharpe ratios, risk parity may
still become the optimal Sharpe ratio portfolio.
However, in most cases, the conditions for equalizing the risk parity and the optimal Sharpe
ratio portfolio are too strict, so the risk parity can only reach approximately to the optimal
Sharpe ratio. But in contrast, the risk parity portfolio does not need to predict the rate of
return during the construction process, so the possibility of misprediction is avoided, and the
actual portfolio performance is likely to reach no worse than the optimal Sharpe ratio.

3.4 All-weather Strategy from Bridgewater Associates
Risk parity strategies have already had considerable management experience in practice. According to the estimates of Bridgewater Associates, the scale of funds managed by risk parity
strategies in the United States in 2015 has reached $400 billion (Bridgewater Associates 2012).
According to statistics from ai-cio magazine, in 2011, 80% of institutional investors in the United
States had some understanding of the concept of risk parity, and 25% had already configured
the strategy (Thome 2015). Institutional investors in China also began to construct asset management products with risk parity as their main strategy (华西证券 2020).
From the content of the previous section, we can see that the risk parity strategy is indeed an
important supplement to the traditional portfolio theory and the MVO method. But the risk
parity in practice is more magnificent than the above theory, because it improves the theoretical
risk parity in different aspects.
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Diversification of Risk Scenarios

Bridgewater Associates was established in 1975 and initially focused on providing investment
consulting services. After 1991, it began to make investment worldwide as a hedge fund manager.
At present, its asset under management (AUM) has reached 160 billion U.S. dollars with about
350 investors, including pension funds, university endowments and sovereign funds of various
countries (Bridgewaters 2020). The characteristic of Bridgewater Associates is that they divide
their investment portfolio into two categories: β fund and α fund, each of which are distinguished
by different expected volatility. The famous All-weather Strategy fund is belong to the β fund
based on risk parity as the main strategy.
The core goal of the all-weather strategy is to pass through the economic cycle. When the
strategy was established in 1996, it was only used to manage the personal family trust fund of
Ray Dalio, the founder of Bridgewater Associates. The original idea was that when Dalio passed
away, his descendants might not have the ability to obtain α in the financial market, so he hoped
to create a strategy that can cross the economic cycle and obtain stable β income. This is the
initial intention of its pursuit, that is to obtain incomes by optimize risk diversification and
hedging. However, Bridgewater’s all-weather strategy is quite different from the theoretical risk
parity model.
The theoretical basis of the all-weather strategy lies in the belief that fluctuations in asset
prices are due to a difference in expectations. This view believes that the current prices of various
assets reflect the market’s consensus expectations for the future, although such expectations may
be quite divergent. Hence, The price changes are due to those changes in expectations (Dalio
2012). One of the diﬀiculties in allocating assets from this perspective lies in the fact that the
current market’s expectations for the future must be clear to investors, or a investor should
understand the correct expectation if the market is wrong, which is usually diﬀicult to achieve.
But the big advantage of all-weather is that you don’t need to know where the market is wrong,
you only need to make a parity on every possible places that the market is mispriced.
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Figure 3.4.1. Source: The All Weather Story by Bridgewater Associates

The all-weather strategy uses two dimensions: growth and inflation to distinguish the expected
economic environment and evenly allocates each expectation. Similar to the indicators selected
by Merrill Lynch, Bridgewater uses economic growth and inflation as the two core variables that
affect the trend of major assets, and distinguishes four different quadrants from the perspective of
exceeding market expectations or below market expectations. Bridgewater believes that 70% of
the fluctuations of major assets can be explained by these two indicators (Bridgewater Associates
2012). In each quadrant, there will be assets that perform better because of a specific expectations
from investors in the market. The all-weather strategy is to balance each expected environment,
and achieve a balance of portfolio performance in each situation by adjusting the allocation ratio
of assets. This configuration method can be called dispersion based on risk scenarios.

Figure 3.4.2. Source: The All Weather Story by Bridgewater Associates
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Bridgewater did not announce how to specifically calculate the response of each type of asset to
each expected situation, and then derive the balance of the expected difference to the asset allocation ratio. Even the actual performance of the all-weather strategy can only be sorted out from
public information. However, Bridgewater did announce the historical back-test performance of
the all-weather strategy. It can be seen that compared with equity assets, the all-weather strategy after leverage adjustment does achieve the same return on the basis of smaller volatility and
maximum draw-down.

Figure 3.4.3. Source: Our Thoughts about Risk Parity and All Weather by Bridgewater Associates

In addition, Dalio once provided an allocation ratio for individual investors in an interview.
From his statement, it seems that the allocation ratio of the all-weather strategy is similar to
the diagram below.
One point need to be clarified is that the all-weather strategy is different from Merrill Lynch
indicators. Although both divide the economic status by inflation and economic growth, the
difference between the two is as follows: First, Merrill Lynch divides the four quadrants by
inflation and the rise/fall of economic growth, while the all-weather strategy divides the four
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Figure 3.4.4. Source: Our Thoughts about Risk Parity and All Weather by Bridgewater Associates

Figure 3.4.5. Source: Our Thoughts about Risk Parity and All Weather by Bridgewater Associates

quadrants according to the expectation difference. Second, the economic performance of Merrill
Lynch at any one time will only fall in one of the quadrants, while all-weather is in two quadrants.
What’s more, the core of Merrill Lynch’s assets allocation theory ask for investors to have an
asset rotation at different stages of the economic cycle. However, all-weather strategy is making
sure each expected difference is matched all the time. The former is an α strategy, and the latter
is a β strategy.
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In fact, Bridgewater’s configuration for risk scenarios is a rudimentary form of risk factors
configuration.

3.4.2

Risk Factors

ATP is the Denmark pension fund management agency, and currently manages approximately
140 billion U.S. dollars. ATP was established in 1964 and receives a high reputation in the
industry. It has repeatedly won the Best Pension Fund in Europe award from Investment and
Pensions Europe. ATP has adopted a risk parity strategy since 2006 and practiced in the leading
position of the industry. After many optimizations of the investment strategy, ATP has formed
a risk-factor parity strategy for the allocation of four main risk factors in 2016.
ATP believes that the traditional mean-variance model used in long-term asset allocation
has the following two obvious shortcomings. The first is the allocation strategy need to predict
future asset returns and volatility. The accuracy of these predictions is generally very poor; the
second is the assumption of the correlation of different assets can only be estimated through
historical data, but the results will vary depending on the time period and place of data. Even
a positive correlation coeﬀicients will change to a negative coeﬀicients due to a selection of data
with different time period.
Therefore, ATP shifts from the traditional mean-variance to risk parity, and then creatively
uses the allocation strategy based on risk factors.
There are two important innovations in ATP’s risk factor configuration. The first is to generalize risk factors into interest rate factors, inflation factors, stock factors and other factors.
Also, it incorporate commodities, credits, and bonds into interest rate factors and other factors
respectively; the second is ATP shifts the target of risk parity from assets to factors through
adjustments on the exposure of various risk factors to achieves objectives on the returns and
risks. ATP emphasizes that factors must have three characteristics: invest-able, trad(e)-able, and
have certain liquidity. From the performance of the back-test, the mapping relationship between
factors and assets performed well. Among them, public market assets were the most accurate,
private equity was the second, and the accuracy of real estate was relatively poor (ATP 2015).
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I believe that long-term asset allocation shifts from asset allocation to factor allocation is
the general trend. First of all, it is diﬀicult to predict the returns, risks and correlation of
long-term assets, and mapping various assets to relatively independent factors can achieve more
controllable risk exposure and risk hedging. Second, the allocation of risk factors can better
match the expected returns, risk exposures and liquidity preferences. In particular, pension
funds often need to provide inflation-adjusted income, which makes it important to introduce
inflation factors into portfolio performance. The traditional mean-variance model has limited
ability on doing this. Similarly, I also believe that the most promising direction in the future
development of risk parity strategy is the combination with factor investments.
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4
Building up a EWRCP in China Financial Market

This chapter constructs a equal weighted risk contribution portfolio based on the above theory.
Since I have not fully measured the mapping relationship between macro factors and asset prices,
the portfolio in this section is based on the classic theory of asset risk contribution parity. With
more researches in the future, I hope I can integrate more α strategies and factor investment
strategies on the basis of risk parity.

4.1 Asset Selection
The selection of the assets of the risk parity strategy should at least meet the following criteria:
First, selected assets should be operable with compliance and risk requirements of institutional
investors. I will use index as the underlying assets in the structure of the risk parity portfolio
(generally because there are more available historical data), the index can be reproduced well
based on different underlying assets. This is more friendly to pension funds, national sovereign
funds and endowment funds than FOF(Fund of Funds), because the former can invest in far
more flexible securities than the latter.
Second, it is suﬀiciently dispersed. This is a big limitation on China financial market since the
investment tools are relatively scarce, especially in the allocation of commodities. Commodities
are an important target for hedging inflation risks, because stocks and bonds will be negatively
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Average Return
Standard Deviation
Annual Sharpe ratio
corr. matrix
CSI 300
CSI Bonds
Industrial Index
Au9999

CSI 300 Stocks
0.88%
8.3%
0.27

CSI Bonds
0.3%
0.86%
0.3

Industrial Index
0.64%
5.9%
0.24

Au9999
0.81%
4.6%
0.43

1
-0.13
0.4
0.13

1
-0.3
-0.02

1
0.33

1

affected when inflation is higher than expected, and commodities generally perform well. The
scarcity of commodity ETFs(exchange traded fund, a type of security that tracks an index,
sector, commodity, or other asset) has brought great obstacles to FOF’s risk parity strategies,
and it is diﬀicult to hedge effectively on inflation risks.
Third, the historical data is suﬀicient enough. Under no involving of factor investment, risk
parity still needs to be predicted based on the volatility and correlation coeﬀicients of various
assets, which brings considerable uncertainty. A suﬀicient historical data can effectively avoid
the risk of over-focusing on a particular economic stage. But it should be pointed out that the
prediction of the above two variables is still the most important deviation of risk parity strategy.
Based on the above criteria, I selected CSI 300 as the stock index, CSI Universal Bond Index
to represent the bonds, Nanhua Industrial Index to show the commodity and the price of Au9999
in Shanghai Gold Exchange.
The volatility of above-mentioned bond index is too low, and the direct introduction of risk
parity will make most of the weight of the portfolio allocated in bond assets. Therefore, after
weighing the requirements of volatility and leverage restrictions posted by China Securities
Regulatory Commission, I choose to add 3 times leverage to bond assets in order to balance the
performance of each asset. Using the interest rate R007 as the cost of leverage, the annualized
interest rate is 2.72%. After the leverage is added, the monthly yield and volatility of the Bond
Index are (0.53%, 3.43%), and the Sharpe ratio remains unchanged.

4.2. STRUCTURING PORTFOLIO AND BACK-TESTING
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4.2 Structuring Portfolio and Back-testing
Using the above four types of assets, the risk parity portfolio we calculated is constructed by
13.4% for the CSI 300 stocks, 44.8% for the leveraged Bond Index, 22.9% for the Gold Au9999,
and 18.9% for the Nanhua Industrial Index. In this case, the risk contribution of each asset to
the portfolio reaches a balance. It can be seen that, compared to the portfolio provided by Dalio
above, the proportion of stocks is relatively lower, and the proportion of commodities and bonds
is higher. This is even based on the a leveraged ratio to the bond portfolio. It is conceivable that
in an deleveraged risk parity portfolio, most of the net worth will be allocated in bonds.

Figure 4.2.1. value weights of different assets in the Risk Parity portfolio

Figure 4.2.2. risk weights of different assets in the Risk Parity portfolio

The Sharpe ratio of the risk parity portfolio is significantly higher than that of the individual
assets and the 60/40 portfolio. If we back-test the portfolio in July 2004 with data. The average
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monthly yield reached 0.75%, which is relatively close to the 0.88% average return of the CSI 300
Stocks Index with only 2.51% average monthly volatility. The Sharpe ratio is also significantly
higher than other assets. The annual Sharpe ratio of the risk parity portfolio reaches 0.724,
compared to only 0.273 for the CSI 300 and 0.296 for the 60/40 portfolio. It can be said that
the risk parity portfolio has achieved the task of increasing the portfolio Sharpe ratio through
optimized risk hedging.

Figure 4.2.3. risk parity portfolio shows a relatively high returns with small volatility Source: Wind

Figure 4.2.4. Returns of CSI 300 and Risk parity portfolio Source: Wind
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Figure 4.2.5. Maximum draw-down of CSI 300 and Risk parity portfolio Source: Wind

Average Return
Standard Deviation
Annual Sharpe ratio

CSI 300 Stocks
0.88%
8.3%
0.273

CSI Bonds
0.3%
0.86%
0.295

60/40
0.65%
4.95%
0.296

Risk Parity
0.75%
2.51%
0.724

The back-test results show that the risk parity strategy is close to stock returns while volatility
is significantly smaller. The long-term return of the combination is comparable to that of the
CSI 300 Stocks index. Although the average monthly return is not as good as the CSI 300, due to
a small volatility, the two have reached a similar annualized rate of return for the compounded
rate. From the perspective of volatility, it can be clearly seen that the volatility of the risk parity
strategy is significantly less than that of the CSI 300. We can also draw similar conclusions from
the maximum draw-down. However, it is worth noting that the historical maximum draw-down
of the risk parity portfolio has reached 19%, and the duration of the downward net value has
reached one year. This means that in this year’s time, investors are in a state of continuous
losses. This is contrary to the original intention of risk parity to cross the cycle, but it also
shows that risk parity can only hedge risks within the scope allowed by objective conditions. A
high returns still need to bear with a high risks.

4.3 Risk Parity Investment in Covid-19 Period
Most of the risks contributed to the traditional 60/40 portfolio come from equity assets (stocks),
which makes the portfolio highly correlated with the volatility of equity assets. It performed
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poorly during the financial crisis similar to 2008, and did not serve the purpose of diversifying
risks in the portfolio. For the goal of risk diversification, we can calculate the risk contribution of
each asset to the investment portfolio, and make the risk contribution of each asset equal, thereby
achieving optimal risk diversification. The back-test results show that such a combination has
stable performance in various market environments with low volatility in the portfolio, and it
has a high risk adjusted return similar to the optimal Sharpe ratio in the mean-variance model.
Since the beginning of 2020, under the influence of the Covid-19 epidemic, China and International capital markets have experienced substantial turbulence. As of May 18 2020, the
CSI 300 buy-and-hold strategy since the beginning of the year has a yield of -4.24% with an
annualized volatility of 25.6%. The maximum draw-down is 16.1%, and a Sharpe ratio is -0.43.
In the same period, the above-mentioned risks parity portfolio received 7.2% as the returns
with the 9.1% volatility. The maximum draw-down is 6.2%, and the Sharpe ratio is 1.80. It can
be seen that the risk parity strategy still achieved positive returns during the market turmoil.
Compared with the CSI 300, the portfolio reached 11.4% more return with 1/3 of equity assets’
volatility. The maximum draw-down was also controlled at about 1/3. It can be said that the
risk parity strategy has indeed achieved its original intention of crossing the economic cycle. In
fact, because risk parity strategies are characterized by low volatility and high risk divergence,
they often have higher excess returns during periods of bear market. During a bull market, risk
parity strategies usually under-perform the market.

Figure 4.3.1. Returns of CSI 300 and Risk parity portfolio in Covid Period Source: Wind
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Average Return
Standard Deviation
Annual Sharpe ratio
Max Draw-down

CSI 300 Stocks
-4.24%
25.6%
-0.43
16.1%

CSI Bonds
3.37%
1.73%
3.57
0.6%

Commodity
-11.9%
22.3%
-1.53
21.6%
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Gold
16.9%
22.4%
1.86
12.2%

Risk Parity
7.2%
9.07%
1.9
6.18%

Figure 4.3.2. risk parity portfolio still got a positive returns in Covid Period Source: Wind

4.3.1 Why Did the All-Weather Strategy Fail?
In the ”Daily Observation” issued to investors on March 18, Bridgewater disclosed the net
performance of various products since the beginning of 2020. Among them, the All-weather
strategy has a maximum loss of 14%, and the Pure Alpha strategy has a maximum loss of
21%. It is worth mentioning that the Standard and Poor’s 500 index return at the same time
was -21.7%, so compared to the market benchmark, the all-weather strategy recorded an excess
return of about 7.7%.
I think there are two reasons for the loss:
First, the tight liquidity of the U.S. dollar led to the general decline of major assets. Passive
investment methods cannot operate independently of the underlying assets. Before mid-March
2020, the Fed had not yet initiated quantitative easing. Under the impact of the epidemic, the
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tight liquidity of the US dollar led to a decline in both risky assets and safe-haven assets. Coupled
with the breakdown of on OPEC+ reduction agreement, the collapse of crude oil led to a general
decline in commodities, and even precious metals fell with the trend. Under this circumstance,
all kinds of assets generally fell and the correlation of all assets has increased significantly. Thus,
it is diﬀicult to avoid losses by risk diversification.
Second, under extreme market conditions, the premise assumptions of the All-weather strategy
may fail. Bridgewater’s All-weather strategy is different from the usual risk parity strategy. It
is not an equal allocation of risk contributions, but an equal allocation of four future scenarios.
Bridgewater divides the economic status into four quadrants based on economic growth and
inflation, and maps each economic status evenly to the asset allocation ratio. The premise of
this strategy is that the performance of the major asset classes corresponding to each economic
state is stable. However, this strategy does not include liquidity factors. Therefore, when the
liquidity of the US dollar tightens and major assets generally fall, the all-weather strategy cannot
achieve stable performance in this environment.

4.3.2

Evaluating Our Risk Parity Portfolio

As mentioned in the previous section, our risk parity model is built by applying the mathematical
model of Equal Weight Risk Contribution Portfolio (EWRCP).
But when we actually input the covariance matrix representing the risk, we should ignore
the correlation between the returns and only enter a diagonal matrix. If we don’t ignore the
correlation between the returns, the optimal asset weights obtained by the EWRCP model will
lack practical meaning.
This can be very confusing. In the All-weather strategy portfolio, it is precisely profiting by
the negative correlation between different underlying assets in different economic environments
—for example, stocks perform well and bonds perform poorly during economic growth. So why
should we ignore the correlation between returns in EWRCP?
This is because the correlation coeﬀicient in the covariance matrix is the serial correlation
between investment products. It describes the degree of consistency of the fluctuations of two
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assets’ returns around their mean values. In contrast, inside the four quadrants of Bridgewater,
their negative correlation is reflected in the mean returns of different economic environments,
which has nothing to do with the above-mentioned serial correlation.
For example, during an economic growth, the average return of stocks may be 8%, while the
average return of bonds is -3%. Their average returns are negatively correlated, but the series of
returns of these two assets are fluctuating around 8% and -3%. Therefore, there must be some
serial correlation between these two fluctuations. If not ignored, this correlation will be used
as the input of the EWRCP covariance, which will affect the optimal solution. In terms of risk
parity, this serial correlation should not be considered.
In practice, the biggest advantage of the risk parity EWRCP model over Markowitz’s MVO
model is that the former does not require to predict the rate of return. We only need to predict
the respective risks of different types of investment products (if there is no better model, just
replace with historical volatility), and then input the diagonal matrix containing the risk of each
assets into the EWRCP model to solve it (Qian 2016).
Although the EWRCP we built suffered a relative big loss during Covid, considering that
there is still a good excess return, and the long-term risk adjusted return is very considerable.
We still think this is a successful strategy.

4.4 Limitation on Risk Parity and Sharpe Ratio
4.4.1 Risk Parity in Real Market
Although the risk parity strategy circumvents the diﬀiculty of predicting the rate of return in
CAPM, the risk diversification property of the portfolio makes the risk parity strategy contains
a lower proportion of stock compared with traditional investment methods to maintain a lower
volatility. To a certain extent, it reduces the expected rate of return of the portfolio. Therefore,
in practice, it is often necessary to use leverage to provide the expected rate of return of a risk
parity portfolio.
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At the same time, because the use of leverage is inherently risky. Thus, investors are more
likely to construct their portfolio in a market with mass (unlimited) liquidity.
From the perspective of the designing the risk parity strategy, ignoring liquidity may be a
fatal weakness of that strategy. Historically, this is not a problem, because liquidity has been
expanding continuously over the past 20 years. Since 2020, this is no longer the case. With the
prevalence of risk parity strategies, the asset under management (AUM) has reached 1 trillion
US dollars (Thome 2015). When market liquidity drops sharply, trading becomes will become
overcrowded. For example, risk parity products are one of the largest buyers of inflationary
bonds (Treasury Inflation-Protected Securities), which makes it diﬀicult for risk parity managers
to enter and exit the TIPs market when liquidity is shrinking.
Second, the stimulus measures of the Federal Reserve and other central banks around the
world no longer support risk parity in future returns. In the past two decades, the gains brought
about by rising bond prices have been already captured by risk parity, and the returns will likely
continue to be sluggish in the future. The over-high bond price by near-zero interest rates with a
decreasing bond yields may not be maintained in the future. Even under normal conditions, the
rate of return from risk parity might be unsatisfactory due to the low contribution from bonds.
In addition, market’s doubts about the policy tools of central bank and concerns about debt
levels may lead to a bond sales-run, making bonds no longer such a safe and reliable safe-haven
asset.

4.4.2

Statistical Characteristics of Sharpe Ratio

In the formula of the Sharpe ratio introduced in the previous chapter, the Sharpe ratio (including
the calculation of its mean and standard deviation of return) is estimated from the sample data;
it is just an estimate rate of the true Sharpe ratio of a portfolio or risk asset in the past period
of time.
Its most fatal problem is that it does not consider the correlation between every single-period
returns, which will cause the error between the sample Sharpe ratio and the real Sharpe ratio.
More importantly, when using the high-frequency Sharpe ratio to derive the annualized Sharpe
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ratio, ignoring the correlation of the single-period returns will cause huge errors in the estimation
of annualized Sharpe ratio.

4.5 Conclusion
In Willian Sharpe’s famous article The Sharpe Ratio (Sharpe 1994), there is a small line below
the headline:
Properly used, it (The Sharpe Ratio) can improve investment management.
Ray Dalio is respected on Wall Street not only because Bridgewater is the world’s largest hedge
fund and the All-weather Strategy has achieved excellent investment returns, but because of his
charisma - his awe of the market and an attitude that always explores the truth of investment.
As he wrote in Dalio et al. (2015):
Finding out what is true is a two-way responsibility. Ours is to honestly convey what we believe
is true and yours is to probe us hard and openly so that we can work together toward learning
what’s true. Then, after we have had this quality exchange, we can each decide what we believe
is true and what to do about it.
Whether it is Markowitz’s MVO theory or the CAPM developed on this basis. Even after
optimization, the risk parity theory based on the Sharpe ratio is an attempt to use mathematical
rational thinking to explain the changes brought by emotions in the financial market. But we
should always bear in mind that the financial market is always a semi-rational, even irrational
place. So how to correctly understand the market and apply appropriate investment philosophy
will always be my goal.
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